This paper estimates the association between innovation and employment growth among manufacturing firms in Africa. The paper uses a cross-sectional World Bank Enterprise Survey dataset in which innovation is categorised as product innovation and process innovation. Results from the pooled ordinary least squares (OLS) estimation are more efficient compared to IV 2SLS. The pooled OLS results indicate that: (1) employment growth is positively associated with both process and product innovation, (2) a weak business environment especially intermittent electricity supply undermines the ability of innovation to induce employment growth and (3) relationship between innovation and employment growth is not conditioned on firm age although it is conditioned on firm size. Such findings suggest that employment growth in Africa could benefit from policies and programs that induce firms to embrace innovation. In addition, a strong business environment is necessary in complementing the potential of innovation to enhance employment growth in Africa.
Introduction
Economic progress is partly tied to innovation. Innovation in the Schumpeterian perspective is referred to as a creative destruction implying that new ways of production, organisational management and products are being churned out rendering old ones obsolete. As such, an economy's growth dynamics is attributed to creative destruction (Aghion and Howitt 1992) . The neoclassical growth model assumes that an economy grows at its natural rate in the long run because of diminishing returns; however, introducing innovation into the model undermines this assumption (Aghion and Akcigit 2017) . Hence, innovation is central to an economy's economic growth dynamics and by extension to employment growth dynamics in both the short and long run.
Following the Arab Spring-partly attributed to lack of economic participation space among youths-policy makers in Africa have somewhat focused on how to address unemployment. Note that the overall unemployment rate is 7.3% and 10.5% in sub-Saharan Africa (SSA) and Middle East and North African (MENA) countries, respectively (WDI, 2018) . Among youths between 15 and 24 years, unemployment rate is 14. 2% and 28.1% in SSA and MENA countries, respectively (World development Indicators, 2018) . Evidently, unemployment in Africa is still a glaring challenge necessitating solution(s) identification to abate scenes reminiscent of the Arab Spring.
From the foregoing perspective, one can question whether innovation can unlock Africa's unemployed labour force into productive economic participation? In essence, can innovation result into employment growth in Africa? The preceding question is core to this paper. Since Africa is far from the technological frontier besides research and development (R&D) being an expensive and risky venture, its innovation is largely characterised by imitation 1 (Naudé et al. 2011) . However, whether innovation has resulted into employment growth in Africa is an open question. In this paper, innovation can be process 2 or product 3 innovation.
Empirical evidence on the relationship between innovation and employment growth is inconclusive especially with regard to whether employment growth is associated with process innovation. For example, there is consensus in the developed world literature that employment growth is directly associated with product innovation (Harrison et al. 2014; Bogliacino et al. 2012; Lachenmaier and Rottmann 2011; Meriküll, 2010; Peters 2004; Greenan and Guellec 2000) . However, the debate is still open with regard to the relationship between process innovation and employment growth. For example, Harrison et al. (2014) , Lachenmaier and Rottmann (2011) and Greenan and Guellec (2000) argue that employment growth is positively associated with process innovation while Peters (2004) finds a direct relationship between employment growth and process innovation. However, Evangelista and Vezzani (2012) show that employment growth is inversely related with process innovation.
While the related literature from developing countries is scanty, even then there is consensus that employment growth is positively associated with product innovation in Latin America (Elejalde et al. 2015; Aboal et al. 2015; Benavente and Lauterbach 2008) . However, the relationship between employment growth and process innovation is equally inconclusive. For example, Elejalde et al. (2015) and Benavente and Lauterbach (2008) argue that employment growth is not associated with process innovation. Aboal et al. (2015) further argue that employment growth is only inversely related to process innovation among unskilled labour workers although the relationship is neutral among skilled workers. On the contrary, Cirera and Sabetti (2016) show that employment growth is directly related with process innovation.
From the foregoing, empirical debate suggests that the relationship between innovation and employment growth is rather an open question especially with regard to the effect of process innovation on employment growth. This paper therefore seeks to contribute to this debate by using manufacturing firm-level data across 27 African countries in four ways. First, the paper explains the relationship between process and product innovation and employment growth. Secondly, it identifies the existence of complementarity effects between process and product innovation in their relationship with employment growth. This follows Evangelista and Vezzani (2012) who show that the strongest impact of innovation on employment growth is experienced when firms combine process, organisational and product innovations. 4 Thirdly, the paper tries to understand whether the relationship between process and product innovation and employment growth is uniform across firm sizes and age. Finally, analysis is made on whether the relationship between innovation and employment growth is undermined by a weak business environment on employment growth. Therefore, the following hypotheses are tested: (1) employment growth is positively associated with process and product innovation; (2) both process and product innovation complement each other in how they relate with employment growth; and (3) the relationship between innovation and employment growth is conditioned on firm age, firm size and the business environment. The paper is similar to other papers that have used firm-level data to explain employment growth in Africa. For example, Bhaumik et al. (2007) in a study of employment growth among firms in Egypt, India, South Africa and Vietnam shows that where firms are 100% foreign owned, employment growth is higher. Furthermore, using a sample of 19 SSA countries, Coniglio et al. (2015) show that whereas foreign-owned firms are generally larger than domestically owned firms, they unfortunately create more unskilled labour employment compared to domestically owned firms. Also, Chinese firms are more likely to employ manual workers compared to other foreign-owned firms and domestically owned firms (Coniglio et al. 2015 ). This paper is also similar to Aterido et al. (2011) who show that employment growth among firms in developing countries is positively associated with the quality of business environment.
The rest of the paper is structured as follows: the "Literature review" section captures the empirical literature. The "Methods" section presents the estimation strategy, data description and models estimated. The "Results and discussion" section presents and discusses results from the preferred empirical models. The "Conclusion and policy implications" section captures the conclusions.
Literature review

Product innovation and employment growth
There is consensus that employment growth is positively associated with product innovation at least in developed and Latin American economies. For example, using a multi-product model, Peters (2004) in a study of 2200 Germany firms observed over the period [1998] [1999] [2000] shows that employment growth is associated with product innovation with a higher effect among manufacturing and larger firms. Consistent with Peters (2004) using the two-period and two-good production model, Harrison et al. (2014) in a study of 20,000 firms from France, Germany, Spain and the UK over the period [1998] [1999] [2000] show that employment growth is positively associated with product innovation.
Furthermore, using a longitudinal database of 677 European manufacturing and service firms, Bogliacino et al. (2012) test the effect of R&D on employment. They find that employment growth is positively associated with firm expenditure in R&D biased towards product innovation among services and high-tech manufacturing firms. Finally, Fukao et al. (2017) find similar results while using microdata from the Basic Survey of Japanese Business Structure and Activities with R&D expenditure as a proxy for product innovation.
Process innovation and employment growth
The relationship between process innovation and employment growth is inconclusive. For example, Harrison et al. (2014) show that employment growth is positively Okumu et al. Journal of Innovation and Entrepreneurship (2019) 8:7 Page 3 of 27 associated with process innovation while Evangelista and Vezzani (2012) and Peters (2004) show that employment growth is negatively related with process innovation. More specifically, Meriküll (2010) in a study of firms in Estonia shows that employment growth is directly related with process innovation among medium and low-tech industries. Furthermore, using a dataset of 15,186 French manufacturing firms over the period 1986 -1990 , Greenan and Guellec (2000 show that employment growth is positively associated with innovating firms over the medium term. Specifically, process innovation creates more jobs compared to product innovation (Greenan and Guellec 2000) .
Also, Lachenmaier and Rottmann (2011) using a systems GMM methodology applied on a panel dataset of German manufacturing firms covering a period of at least 20 years show that employment growth is positively associated with both process and product innovation. Most importantly though is that process innovation has a higher impact on employment growth than product innovation (Lachenmaier and Rottmann, 2011) . In addition, using the Community Innovation Survey dataset of 65,118 firms from Czech Republic, France, Spain, Italy, Portugal and Slovenia collected over the period 2002 -2004 , Evangelista and Vezzani (2012 show that employment growth is positively associated with innovation among firms that combine process, organisational and product innovations.
With regard to the developing world, evidence in Latin America is similar to that found for the developed world. Indeed, there is consensus in Latin American studies that employment growth is positively associated with product innovation. However, the relationship between employment growth and process innovation is equally inconclusive with cases of inverse and neutral association apparent. For example, using a sample of 1415 firms in Argentina, Elejalde et al. (2015) show that product innovation has a positive effect on employment growth; however, the effect of process innovation on employment growth is neutral. Relatedly, Benavente and Lauterbach (2008) in a study of firms in Chile show that employment growth is positively associated with product innovation although neutral to process innovation. Similarly, Aboal et al. (2015) in a study of Uruguayan manufacturing firms shows that product innovation enhances employment growth; however, process innovation reduces employment growth among unskilled labour although its neutral for skilled labour. However, with regard to studies relating employment growth and innovation in Africa, these are rather scarce. Indeed, other than Cirera and Sabetti (2016) , no other study has estimated the relationship between innovation and employment in Africa. Yet even Cirera's and Sabetti's (2016) focus is not on Africa alone. The authors extend their work with a sample of 15,000 firms to cover other continents besides Africa such as South Asia, Middle East and North Africa, Eastern Europe and Central Asia to explain the relationship between innovation and employment growth. They find that process innovation is positively associated with employment growth (ibid). To add to the debate on Africa, this paper, however, is different from Cirera and Sabetti (2016) in two ways. First, it attempts to understand whether the effect of innovation on employment growth is undermined by a weak business environment. Secondly, it attempts to study the effect of innovation on employment growth when a firm engages in both product and process innovation in comparison to when a firm that engages in either product or process innovation or no innovation. Finally, it endeavours to understand whether the relationship between innovation and employment growth is mediated by size and age of the firm. In Africa, firm-level studies on innovation and employment growth dynamics are rather in their nascent stage, hence the need for this paper to narrow this gap.
Overall, the empirical literature indicates that the relationship between process innovation and employment growth is rather inconclusive. With regard to the relationship between product innovation and employment, there is consensus in the developed world and Latin American empirical literature that employment growth is positively associated with product innovation.
Methods
Estimation strategy
Process innovation typically has a direct effect on firm productivity and therefore unit costs. This induces price reduction of a firm's product which leads to increased demand for the product. Higher demand for the product could lead to more output which potentially results in capacity expansion thus employment growth. Product innovation on the other hand is associated with product demand enhancement thus the need for a firm to adjust output upwards which potentially induces capacity expansion thus employment growth (Harrison et al. 2014) .
However, note that the extent of price adjustment following process or product innovation and ultimately output and employment growth partly depends on two conditions. First is the market structure within which a firm operates. Second is the speed of adjustment with which competitors improve their production processes or introduce new products (Nickell 1999 in Harrison et al. 2014 . Unfortunately, out of the 6400 firms in the World Bank Enterprise Survey (WBES) sample this paper uses, only 29% responded to the question regarding the number of competitors to the firm's main product. This constrained the ability to control for the level of competitiveness using the Herfindahl index in the empirical analysis. Furthermore, data regarding the speed of adjustment of competing firms in the event a firm introduces a new product or experiences price reductions attributed to efficiency gains resulting from process innovation is not available. For example, the cross-sectional nature of the innovation variables does not allow the possibility of using lagged values of innovation to account for speed of competitor adjustment Vivarelli 2004, 2005) .
With regard to product innovation, it is possible that the introduction of new products may reduce the market share of old products. In so doing, the net effect on the demand of a firm's product may remain unchanged or marginally change thereby inhibiting the ability of product innovation to induce output increase and thus employment growth. However, WBES does not distinguish between sales associated with new products or old products rather; it provides information about sales as an aggregate. As a result, this incapacitate the ability to control for the effect of product innovation through new product sales and consequently employment growth. Therefore, given data constraints, it is cumbersome to undertake a structural modelling approach to estimate the relationship between innovation and employment growth in Africa as used by Van Reenen (1997) , Lachenmaier and Rottmann (2011) and Harrison et al. (2014) among European firms. Even then, following Evangelista and Vezzani (2012) , this paper explores the association between innovation and employment growth among manufacturing firms in Africa by estimating Eq. 3.1 using pooled ordinary least squares technique. To understand whether innovation is associated with cannibalism as regards employment growth, 5 then on one hand, it must be the case that β 1 < 0. Implying that, employment growth is inversely associated with innovation. On other the hand, if β 1 > 0, it implies that employment growth is directly associated with innovation. To measure complementarity effects between process and product innovation, our interest is on the size and direction of the coefficient when a firm uses either innovation modes or a combination of both. If β 1 > 0 when a firm engages in both product and process innovation compared to no innovation, then it follows that employment growth is directly associated with innovation when a firm engages in both innovation modalities hence existence of complementarity effects. Otherwise, when β 1 < 0, this implies that combinations of both process and product innovation are cannibalistic to employment growth in comparison to no innovation. While if β 1 which is associated with a firm that chooses to use either process or product innovation is positive and significant compared to a non-innovating firm, it would suggest that irrespective of whether a firm chooses either innovation, employment growth is expected to increase. Besides the innovation variable, we shall equally estimate the employment growth using Process and Product as explanatory variables. In this case, if β 1 associated with Process is positive and significant, then employment growth is positively associated with process innovation. Also, if β 1 associated with Product is positive and significant, then employment growth is positively associated with product innovation.
Furthermore, this paper is interested in understanding whether the relationship between innovation and employment growth is conditioned on firm size. In that regard, interactions are made between innovation variables with firm size as shown below;
where H captures other firm specific characteristics. The interest of this paper is to show how different coefficients β 4 and β 5 are from β 2 and β 3 , respectively. On one hand, if β 2 is for instance significantly negative while β 4 is significantly positive, then it would suggest that innovation ameliorates the negative effect of small firms on employment growth. On the other hand, if β 2 is significantly positive while B 4 is significantly negative, then it would suggest that employment growth is negatively associated with innovation among small firms. The same intuition holds for the interaction between innovation and large firms. Using a sample of 31 SSA countries, Aterido and Hallward-Driermeier (2010) show that employment growth is more concentrated among young firms. As such, we estimate whether the relationship between employment growth and innovation is conditioned on firm age using Eq. 3.3.
where Y captures other firm-specific characteristics. Our interest is on how different coefficients β 4 and β 5 are from β 2 and β 3 , respectively. If β 2 is for instance significantly negative while B 4 is significantly positive, then it would suggest that employment growth is increasing in innovation even among young firms. However, if β 2 is significantly positive while β 4 is significantly negative, then it would suggest that innovation is deleterious to employment growth among young firms. We hold a similar intuition for the interaction between innovation and older firms. A weak business environment undermines employment growth (Aterido and Hallward-Driermeier 2010) . Since innovation is associated with a reduction in the cost of production (efficiency gains), therefore using Eq. 3.4, we understand whether conditioned on a weak business environment, innovation has the potential to propagate employment growth.
Note that if for instance β 2 is significantly negative while β 3 is significantly positive, then it would suggest that employment growth is positively associated with innovation irrespective of the business environment. That is innovation offsets the distortionary effect of a business environment on employment growth. However, if both β 2 and β 3 are significantly negative, then it would suggest that innovation does not offset the negative effect of a weak business environment on employment growth.
Equations 3.1, 3.2, 3.3 and 3.4 are estimated using the pooled OLS. Note that because of the likelihood of endogeneity, since employment growth could result from a firm hiring new workers who could engage in R&D, the effect of which could be new innovations. Or the newly hired workers could be for purposes of managing the implementation of the new innovations. Like in Dachs and Peters (2014) and Harrison et al. (2014) , we instrument for process and product innovations using R&D. R&D is a binary variable taking a value of '1' when a firm undertook R&D otherwise '0'. Unfortunately this paper does not disentangle R&D in terms of whether it was aimed at process or product innovation. As such, the R&D variable is used as is to instrument process and product innovations. Furthermore, given that R&D is a risky and expensive venture, many developing countries typically engage in imitation rather than develop new ideas. As such, given data limitations, this paper uses R&D as an instrument for process and product innovations (Naudé et al., 2011) .
Robustness tests
R&D as an instrument passes the first test of explaining innovation decision of a firm as shown by the p values at the first stage. However, at the second stage, we cannot reject the null hypothesis that process and product innovations are exogenous. Evidently, the Durbin and Wu-Hausman tests for endogeneity suggest that as opposed to instrumenting for process and product innovations using R&D, pooled OLS estimations would offer better results for purposes of explaining the relationship between innovation and employment growth (Table 8) . Unfortunately, while Dachs and Peters (2014) and Harrison et al. (2014) had alternative instruments-a variable that indicates whether the product innovation was aimed at increasing the product range-given data limitations, this alternative instrument is not possible for this paper. With this in mind, throughout this paper, results presented and analysed are based on the pooled OLS estimates with standard errors clustered at firm level.
Data and variable description
Data and source
The paper uses the World Bank Enterprise Survey dataset of 6400 manufacturing firms from 27 African countries 6 ( Table 1) that were eligible because they had innovation data. Note that the surveys were undertaken in different years in different countries. Both Rwanda and Central African Republic had the oldest dataset as the surveys were undertaken in 2011. The WBES dataset provides a representative sample of each country's firm performance indicators and business environment characteristics. The sample frame is attained from a universe of eligible firms obtained from each country's statistical office. In the event of inadequacies, a master list of firms is attained from (1) other government agencies such as tax or business licensing authorities and (2) business associations or marketing databases. However, under rare occasions, the sample frame is created via block enumeration. The surveys target formal firms with five or more employees, and responses are solicited from business owners and top managers.
The ability to assess the relationship between innovation and employment growth is because in the WBES dataset, firms responded to the questions: (1) during the last 3 years, has this establishment introduced any new or significantly improved process? Where process includes: methods of manufacturing products or offering services; logistics, delivery, or distribution methods for inputs, products, or services; or supporting activities for processes. (2) During the last 2 years, has this establishment introduced new or significantly improved products? The response to the two questions enabled us to categorise firms as those that undertook: (1) either product innovation or process innovation; (2) both process and product innovations; and (3) no innovation.
To ensure correctness of responses, questions regarding labour force characterization and sales emphasis were made to ensure that human resource managers and accountants were also interviewed respectively.
7 Thus, firms responded to the questions regarding the number of permanent, full-time individuals they employed in the current year and 3 years ago which allowed us to measure employment growth. Therefore, the questions that this paper seeks to answer are: Is process and product innovations associated with cannibalism 8 as regards employment growth? Is there complementarity between process and product innovations in how they relate with employment growth? Is the relationship between process and product innovations and employment growth uniform across firm sizes and age? Does innovation mitigate the effect of a weak business environment on employment growth? The surveys targeted manufacturing and services sectors. This paper, however, focuses on the manufacturing sector.
Variable description
Employment growth (EG) is measured as the difference between permanent employees in the last fiscal year and 3 years before the survey divided by a firm's average permanent employees during the same period. This measure of employment growth follows Haltiwanger (1992, 1999) and Aterido et al. (2011) with the rationale that it allows for employment growth to be symmetric around zero with − 2 as the lower bound and 2 as the upper bound. More specifically employment growth is measured.
where t and t − 3 index last fiscal year and 3 years before the survey, respectively. This method of measuring employment growth is argued to be monotonically related to the conventional measure of employment growth. Besides, it controls for employment growth outliers that would have been associated with firms experiencing for instance sharp contractions and expansions (Aterido et al. 2011) .
Innovation is captured by process innovation and product innovation. Process innovation (Process) takes on values of '1' and '0' if a firm undertook process innovation and no process innovation, respectively. Product innovation (Product) takes on values of '1' and '0' if a firm undertook product innovation and no product innovation, respectively.
We also attempt to measure the possibility of complementarity between process and product innovations, hence the categorical variable Innov. Innov takes on a value of '0' , '1' and '2' if a firm undertook no innovation, either product innovation or process innovation and both process and product innovations, respectively.
Note that relationship between process innovation and employment growth involves process innovation inducing productivity gains, thereby, reducing the unit cost of production (Griffith et al. 2006; Lööf and Heshmati 2006; and Van Leeuwen and Klomp 2006) . The reduction in the unit cost of production results in price reduction. Price reduction is expected to induce an increase in demand and thus the sales of the product. The increased sales may result in an increase in productive capacity thus employment growth (Harrison et al. 2014) . While for product innovation, new products may either increase or reduce the market share of the firm's old product(s). The net increases in sales, and therefore, employment growth depends on whether new products induce growth in the market share of the firm's products or not. Increased market share would induce increase in a firm's capacity which comes with employment growth. Unfortunately, WBES dataset does not distinguish between sales from new products and those from old products. Even then, sales growth (SalesG) is defined as the difference between a firm's sales in the last fiscal year and sales three fiscal years ago divided by three. 
We also measure business environment characteristics because they are complimentary to firm decisions. Specifically, we include Electricity, Bureaucracy, Bribe, Retained and Competition. With regard to source of financing, we use retained earnings, Retained. Retained is defined as the percentage of working capital financed by internal funds. Electricity is a proxy for the quality of public infrastructure. In this regard, Electricity takes on the value '1' if a firm experienced power outages in the last fiscal year otherwise '0'.
Bureaucracy is a proxy for red tape. Bureaucracy is measured as the percentage of senior management time spent dealing with government officials. Bribe is captures informal payments made by firms to public officials in order to get 'things' done. Bribe is measured as the percentage of total annual sales paid in informal payment by a firm. Competition proxies competition from informal firms. Competition takes on a value of '1' if a firm experiences competition from informal firms otherwise '0'.
Other variables of interest especially firm specific are described below. With regard to the nature of ownership, it is categorised as Government, Domestic and Foreign. Government takes a value of '1' if at least 10% of the firm is government owned otherwise '0'. Foreign takes a value of '1' if at least 10% of the firm is foreign owned otherwise '0'. Domestic takes a value of '1' if at least 10% of the firm is domestically owned otherwise '0'. Managerial Experience (Mexperience) measures the manager's years of experience. The average years of experience of a manager is 18 years. In order to take care of large values, we take logs of Managerial Experience (lnMexperience). In terms of location, it is represented by the variable Millioncity which takes on a value of '1' if the firm is located in a city with more than a million people otherwise '0'. Finally, exporting takes on a value of '1' if the share of a firm's national sales are less than 100% otherwise '0'. In essence, a firm is deemed to be exporting if some of its sales are sold beyond its national boundaries.
Results and discussion
Descriptive statistics Table 1 presents the number of firms surveyed for each country by year of survey. In addition, across countries and irrespective of year of survey, manufacturing firms of interest are further categorized using the two-digit ISIC classification levels (Table 2) .
More specifically, with respective to firm size, small firms employ between 5 and 20 employees. These constitute 47% of firms (Table 3) . At 78%, Nigeria has the highest proportion of small firms followed by Guinea, Djibouti and Tanzania, all at 71%. Medium scale firms employ more than 20 employees but less than 99 employees and constitute 32% of the entire sample (Table 3) . At 73%, Burundi has the highest proportion of medium firms followed by Niger, Morocco, Mali and Tunisia at about 45% on average with Namibia (13%) and Ivory Coast (17%) having the smallest proportion of medium firms. Large firms employ over 100 employees and constitute 21% of the entire sample (Table 3) . Lesotho (32%) and Malawi (30%) have the highest proportion of large firms. Both Djibouti and Niger did not have large firms in the sample.
With regard to age, firms are categorized as young, mature and older. Young firms are those that have been in existence for less than 5 years; mature firms have been in existence for between 6 and 15 years while older firms have been in existence for at least 16 years and above. From Table 3 , 7%, 37% and 55% of firms are young, mature and older firms, respectively. Across the entire sample, the average age of firms is 20 years. Namibia, CAR, Rwanda and DRC have the highest proportion of young firms at 40%, 38%, 32% and 30%, respectively. Lesotho has the lowest proportion of young firms at 1% followed by Kenya, Malawi and Swaziland at 2% on average. With regard to mature firms, Lesotho and Uganda have the highest proportion of mature firms at 61% followed by Tanzania at 54%. While at 21%, 25% and 26%, Kenya, Egypt and Burundi have the lowest proportion of mature firms, respectively. With regard to older firms, Rwanda, Namibia and CAR have the lowest older firms.
From Table 3 , the mean employment growth rate is 0.106. Guinea, Tanzania and Rwanda have the highest employment growth level at 0.31, 0.17 and 0.24, respectively. While at − 0.11, − 0.03 and − 0.003, Lesotho, Egypt and Niger have the lowest employment growth, respectively.
About 50.4% of firms undertook process innovation (Table 3) . Rwanda, Kenya and Uganda hand the highest proportion of firms that undertook process innovation at 87%, 83% and 81%, respectively. While Egypt, Lesotho and Cameroon had the lowest proportion of firms that undertook process innovation at 4%, 5% and 10%, respectively. Furthermore, 43% of firms were engaged in product innovation (Table 3) . At 74%, 68% and 68%, Uganda, Kenya and Namibia had the highest proportion of firms that undertook product innovation, respectively. In addition, 35.4% of firms were engaged in both product and process innovation. Furthermore, 21.3% of firms undertook either product or process innovation. Finally, 43.3% of firms undertook no innovation. Firms in Uganda (27%), Tanzania (24%), Ivory Coast (6%) and Kenya (2%) have negative sales growth, respectively. While those in Sudan (94%), Nigeria (23%) and Guinea (19%) have the highest sales growth. Across the entire sample, the average sales growth is 10%. Productivity (Prod) is defined as the ratio of sales in the last fiscal year divided by the current year employment. Overall, the mean labour productivity in the sample is US$206,967. About 73% of working capital used by firms is financed by internal funds. Retained captures the extent of exclusion from the credit market.
On average, 70% of firms reported to have experienced electricity outages with the highest cases reported in Niger, Burundi, Ghana and Sudan at about 92% on average. Firms in Tunisia, Namibia, Morocco and Egypt reported to have least experienced electricity outages. With regard to bureaucracy, on average, 10.3% of senior management time was spent dealing with government officials. More bureaucracies were found in Tunisia (45%) and Niger (19%) while Swaziland, Djibouti, Sudan and Tanzania had the least time in which senior managers of firms spent negotiating with public officials, respectively. About 1.5% of total annual sales are lost as informal payments (bribes) to public officials especially by firms in Niger, Mali Cameroon and CAR while those in Rwanda, Morocco and Senegal paid the least bribes. From Table 3 , 57% of firms experience competition from informal firms. Furthermore, about 17%, 88.4% and 5.5% of firms are foreign, domestic and government owned, respectively. In addition, on average, 28% of firms engage in exporting part of their total sales.
Empirical model estimates and analysis
Equations 3.1 to 3.4 are estimated using the pooled OLS with results in Tables 4, 5, 6 and 7, respectively. Note the likelihood of endogeneity since employment growth can result from a firm hiring new workers who engage in R&D, the effect of which can be new innovations. Or the newly hired workers can be for purposes of managing the implementation of the new innovations. Hence, instrumental variable estimates for 2SLS are presented in Table 8 .
Employment growth is positively associated with product innovation (Table 4 models 3, 6 and 9). Results are consistent with findings by Peters (2004) , Benavente and Lauterbach (2008) , Bogliacino et al. (2012) , Greenan and Guellec (2000) , Lachenmaier and Rottmann (2011), Evangelista and Vezzani (2012) , Harrison et al. (2014) , Elejalde et al. (2015) and Aboal et al. (2015) . The positive relationship between product innovation and employment is attributed to the increase in sales and thus firm market share following the introduction of a new product (Harrison et al. 2014 ). Nonetheless, due to data constraints, the relationship between product innovation and sales growth from the new products was not undertaken.
Furthermore, employment growth is positively associated with process innovation (Table 4 -model 5). This result is consistent with Greenan and Guellec (2000) , Lachenmaier and Rottmann (2011), Harrison et al. (2014) , Cirera and Sabetti (2016) and Fukao et al. (2017) who show that employment growth is positively associated with process innovation. The link between process innovation and employment growth is through unit cost reductions associated with efficiency gains attributed to process innovation. The reduction in unit costs results in price reduction hence an increase in firm sales. The increase in firm sales induces capacity enhancement implying employment growth. Despite the lack of data on prices of firm products following process innovations to allow for a structural analysis from process innovation to employment growth, even then, Table 9 -models 2 and 5-shows that productivity is positively associated with process innovation. 10 The positive relationship between productivity and process innovation is partly because process innovation results in efficiency gains which induce price reductions leading to higher sales. Indeed, from Table 10 (models 2 and 5) sales growth is positively associated with both productivity and process innovation. Higher sales induce incentives for capacity growth implying employment growth. Moreover, product and process innovations are associated with complementarity effects in their relationship with employment growth. Firms that engage in both process and product innovation are associated with positive employment growth compared to non-innovating firms (Table 4 -models 1 and 4). Evangelista and Vezzani (2012) also found similar results in which employment growth was strongest among firms that engaged in process, organisational and product innovations.
11 The complementarity perhaps suggests that it is not enough to introduce new products, rather they ought to be complimented with an efficient organisational and logistical framework to ensure consistent supplies in terms of quality and quantity in the shortest time possible. Also, the complementarity between process and product innovation in propagating employment growth is evident among young and older firms. Table 5 (model 1) shows that employment growth is increasing among older and young firms that engage in both process and product innovation compared to the non-innovators. This suggests that irrespective of a firm's age, employment growth is likely to increase among firms that engage in any form of innovation.
Furthermore, employment growth is negatively associated with small firms but positively in large firms (Table 4- models 4, 5, 6, 7, 8 and 9) . Such findings suggest that employment growth in Africa is more likely among large firms compared to small firms. Since firm size is measured by the number of workers a firm employs, then results can also simply suggest that firms may not have an incentive to upgrade from their initial size. This shows limitations in transitions among firms.
Note that across all models, employment growth is positively associated with medium and large firms compared to small firms (Table 4 ). An attempt is further made to understand whether the relationship between innovation and employment growth is conditioned on firm size. From Table 6 , results from model 1 after interacting innovation and firm size show that employment growth is positively associated with innovation among firms that engage in both process and product innovation compared to firms that do not engage in innovation. The relationship is strongest among large firms and neutral among small firms. In addition, employment growth is directly related to innovation among firms that choose either product or process innovation compared to firms that do not engage in innovation especially among large firms.
Furthermore, interactions between process innovation and large firms indicate that the relationship between process innovation and employment growth is positive and significant (Table 6 -model 2). The result suggests the relationship between innovations especially process innovation, and employment growth is conditioned on firm size. Indeed, Meriküll (2010) also find similar findings among medium firms in Estonia. Furthermore, Table 6 (model 3) shows that the positive relationship between employment growth and product innovation is not conditioned on large or small firms in Africa. This is contrary to Peters (2004) who argues that employment growth is positively associated with product innovation among larger firms in Germany.
In light of firm age, across all models in Table 4 , employment growth is inversely related with firm age, suggesting that the older a firm is, the lower the likelihood of Table 5 Interaction between innovation and firm age Table 6 Interaction between innovation and firm size Table 7 Interaction between innovation and the business environment employment growth. However, interacting firm age and innovation shows that the relationship between innovation and employment growth is not conditioned on firm age. Specifically, Table 5 (model 2) reveals that employment growth is positively associated with process innovation among older firms. This implies that process innovation improves efficiency among older firms resulting in lower costs of production which also result in price reduction hence increased demand for the firm's product(s). This, in turn, induces capacity enhancement which further result in employment growth. Also, employment growth is directly related with product innovation among older firms. Similarly, employment growth is shown to be positively associated with older and younger firms that engage in both process and product innovation (Table 5-model 1) . Hence, the relationship between innovation and employment growth is not conditioned on firm age. With regard to the business environment, employment growth is undermined among firms that experience electricity outages compared to those that do not (Table 4 models 4 and 6). Since electricity outages represent the quality of public infrastructure, this suggests that poor public infrastructure undermines employment growth. Electricity outages are associated with production inefficiencies as a result of idleness during blackouts. This can ultimately lead to laying off workers especially if the shortages negatively affect firm sales and thus profits. Also, employment growth is inversely related to bureaucratic rigidities (Table 4 -models 4, 5 and 6). Since bureaucratic rigidities proxy the quality of institutional framework, results thus suggest that a weak institutional framework undermines employment growth. Note that red tape results in misallocation of production time among managers. As opposed to thinking about the strategic direction of a firm, managers are bogged down in non-productive meetings with public officials which undermine firm productivity and profitability potentially constraining employment growth. Therefore, consistent with Aterido and Hallward-Driermeier (2010) , results herein indicate that employment growth is inversely related with a weak business environment. With regard to whether the relationship between innovation and employment growth is conditioned on the quality of business environment, results in Table 7 (models 2 and 3) indicate that employment growth is positively associated with both process and product innovations. However, employment growth is inversely related to process and product innovation among firms that experience electricity outages compared to firms that do not experience electricity outages. This result suggests that the positive association between innovation and employment growth is conditioned on the availability of consistent electricity supply. Simply put, results therefore suggest that if the positive relationship between innovation and employment growth is to be optimized, the quality and quantity of public infrastructure should be good.
Conclusion and policy implications
Using the WBES dataset of manufacturing firms from 27 African countries, this paper set out to understand whether (1) there is positive, negative or neutral relationship between employment growth and innovation, (2) there is complementarity between process and product innovation in how they relate with employment growth, (3) the relationship between innovation and employment growth is uniform irrespective of firm size and age and (4) the relationship between innovation and employment growth is conditioned on the quality of the business environment.
Results indicate that employment growth is positively associated with both process and product innovations. Moreover, process and product innovation complement each other in their relationship with employment growth. However, findings also reveal that the relationship between employment growth and innovation is not conditioned on firm age but on firm size. Furthermore, employment growth is inversely related to a weak business environment especially among firms that experience electricity outages/ rationing and red tape. Simply put, the relationship between innovation and employment growth is conditioned on the quality of business environment.
Findings also suggest that mechanisms to enhance employment growth in Africa could target incentives aimed at inducing firms to engage in process and product innovations. This is especially so as both process and product innovations are shown to enhance both sales growth and productivity. Also, the effect of sales growth is an increase in the production capacity of firms which implicitly suggests employment growth. Indeed, the paper findings show that employment growth is associated with both process and product innovation as such African governments ought to identify the necessary incentives to induce innovation. Furthermore, this paper was able to establish that a weak business environment characterized by, for example, poor quality public infrastructure (as proxied by electricity supply) undermines the ability of product and process innovations to induce employment growth. Thus, findings lay emphasis on the importance of coordination between public services and private sector investment. In essence, private sector investment is rendered suboptimal in the midst of inadequate public services. As such, analysis suggests that African governments ought to strengthen the quality and quantity of public infrastructure as these have the ability to enable firms to optimize the benefits of innovation with the ultimate effect being employment growth.
Endnotes
1 http://www.worldbank.org/en/news/speech/2017/11/30/innovation-in-africa 2 Process innovation refers to any new or significantly improved methods of manufacturing products or offering services; logistics, delivery, or distribution methods for inputs, products, or services; or supporting activities for processes.
3 Product innovation on the other hand refers to introduction of new or significantly improved products. 4 In our paper, process innovation by definition includes organisational innovation. 55 To mean innovation is destructive to employment. 6 Ethiopia, Burundi, Uganda, Tanzania, Rwanda, Kenya, Democratic Republic of Congo (DRC), Djibouti, Egypt, Cameroon, Central African Republic (CAR), Ivory Coast, Ghana, Guinea, Tunisia, Zambia, Sudan, Swaziland, Lesotho, Malawi, Mauritania, Mali, Morocco, Namibia, Senegal, Nigeria and Niger 7 For a detailed explanation about the sample methodology and questionnaire used in data collection, please refer to http://www.enterprisesurveys.org/methodology 8 Cannibalism is a term in the innovation-employment growth literature to mean that innovation is associated with employment destruction to the extent that employment growth is undermined. 9 For comparability across countries, we convert sales into US dollars using the average exchange rate of the year in which the survey was undertaken. 10 This is consistent with Griffith et al. (2006) , Lööf and Heshmati (2006) , and Van Leeuwen and Klomp (2006) who show that firm productivity is increasing among firms that innovate. 11 In this paper, organisational innovation is part of process innovation. 
